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Cosmic Ray Intensity Variations during
the Magnetic Storm in May 1959.

J. R. Mavzaxo, J. . ROEDERER and . R, SaixNToCHL

Comision Nacional de Energia émica - Buenos .lires

(ricevuto il 18 Maggio 1960)

Summary.  Cosmic ray intensity during the May 1959 magnetic storm is
analyvsed. using neutron monitor and cubice telescope data from Mina
Aguilar, Buenos Aires, Ushuaia and Ellsworth (Antaretiea). The primary
variation spectrum is estimated according to a method outlined in a
recent paper (1. The intensity behaviour during recovery is analysed in
detail. ollowing results are obtained. The primary variation spectirum,
acting until the 18th of May, has an approximate form given by 3D/D

Sk(t)- £ 05, valid up to very high energies. Around the 18th, this spectrum
changes its shape at low energies (< 2 GeV), in a similar way as it occeured
during the July 1959 storm recovery. This change may be interpreted
as an additional removal of low energy particles, which lasted at least
until the end of the month. On May 14, intensity variation isx quite
peculiar, in spite of being this a quiet dav from the solar and geomagnetic
point of view. A world-wide decrease occeurs, with a superposed, 101
laxting incerease, which is particularly high at Ellsworth (99 in the neutron
monitor, 20, for the cubical telescope). Tt is shown that Ellsworth was
located in a 04 impact zone for a simmultaneous solar event. On the 24th,
a world-wide, small Forbush decrease occurred, associated with a magnetic
storm and a decrease in the horizontal component of the magnetic field.
This Morbush decrease, which shows a strong longitude dependence, cor-
responds to a primary variation spectrum which has the same shape as
that responsible for the general recovery acting at the time, j.e., after
the low energy change on the 18th.

(M) J. (. RoEbERER, O, R. Saxtocui, J. ¢, AxpERsox, J. M. (arposo and J. R.
MaxziNo: Nuoro Cimento, 18, 120 (1960).
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COSMIC RAY INTENSITY VARIATIONS ETC, [137]

1. — Introduection.

The May 1959 Forbush decrease (2) wax associated with a sudden magnetic
storm commencement which started at 2318 UT on Mav 11, This storm is
presunably linked with the strongest solar flare so far reported in this eycle,
which oceured on May 10, at 2102 UT (8), lasting for several hours. A strong
increase of low energy proton flux at 10 g/fem? atmospherie depth, was reported
for the 12th of May (Y). During the recovery of cosmic ray intensity solar
ald geomagnetic activity was still high. Particularly on the days 11, 13 and 17,
the solar BT 43 region was extremely active. Geomagnetic activity was high
on days 15 and 24,

In the present paper, cosmic ray modulation etfects during this period
will be analysed, and their connection to solar and geomagnetic activity will
be discussed.

Records from following stations were used in this analysis: neutron monitor
Mina Aguilar (4000 m o1, 12°8 geomagnetic latitude), neutron monitor and
cubical telescope Buenos Aires (sea level, 23°8), neutron monitor Ushuaia
(sea level, 43°8) and neutron monitor and cubical telescope Tillsworth (*) (sea
level, 67°8). Cubical telescope data were corvected for pressure only. For
this reason, they will be considered for qualitative arguments only. Tourly,
or bihourly percentage variations are shown in Fig. 1. The reference level
iy given by the mean intensity during quiet days preceding the inerease in
ceomagnetic activity on the 4th of May. Buenos Adres neutron monitor data
are not shown: percentage variations coincide within minor fluctuations with
those at Mina Aguilar. K, values and the horizontal component of the earth’s
magnetic field recorded at Pilar (Argentina), are shown below.

A irst inspection of Fig. 1 suggests to divide the whole period into seven
subintervals:

1) May 11, 23 UT - May 13, ~ 22 UT: big Forbush decrease associated
with a 8C magnetic storm, which lasted 24 hours. Gradual intensity recovery.
Strong solar activity on 11 and 13th.

2) May 13, 22 UT - May 14, 18 UT: sudden decrease of several percent,
followed by an inerease, detected at all stations, which lasted about 10 hours
. bl 1 b

() . Bacuerer, . Bavara, A. M. Coxrorro, N. Tvcer and (. MariNi: Nuovo
Cimento, 13, 1055 (1959).

(3) Preliminary veports, High Altitude Odservutory (Boulder, Colo.).

() E. P.NEY, J. R, WinexkLer and P. 8. Fre1er: Phys. Rev. Lelt., 3, 183 (1959).

(') Operated in collaboration with the University of (alifornia and the Instituto
Antartico Argentino.
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[138] J. R. MANZANO, J. G. ROEDERER and 0. R. SANTOCHI 3

and which is very strong for the Ellsworth nucleon intensity. Intensity falls
back to a minimum, which by the way is the absolute minimum for the whole
May disturbance. No important flare was reported for this day; geomagnetic
activity was at lowest level compared to preceding and following days.
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Fig. 1. - Percentage variations of intensity for different detectors. K, indices and

horizontal component of geomagnetic field intensity are shown below. The division
of the whole period into seven subintervals according to cosmic ray behaviour is indi-
cated. For fnrther details, see text.

3) May 14, 18 UT — May 18: almost undisturbed recovery at all sta-
tions. The magnetic storm on the 15th apparently had no influence on cosmie
radiation.
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4 COSMIC RAY INTENRITY VARIATIONS ETC. [139]

1) Mayv 18 —=May 21, ~ 12 UT: general leveling off and/or decrease of
intensity. No peculiar geomagnetic events, except constant high activity.
Solar activity was high on the 17th, decreasing gradually afterwards.

3) May 21, ~ 12 UT - May 24, 06 UT: undisturbed recovery, except at
Buenos Airex NAL and C.T. No appreciable change in geomagnetic activity;
solar activity steadily deereasing.

6) May 24, 00 UT —May 25, 24 UT: small Forbush decrease associated
with o magnetic storm of sudden commencement starting 05.40 UT, and a
pronounced decrease in horizontal component. Notice the «fine structure»
reproduced by all detectors, of two well separated decreases, or maybe one
decrease with superposed increase at ~ 1800 UT on the 24th.

7) Mav 26 —May 30: recovery at low latitudes, and leveling off at high
Iatitudes. Geomagnetic activity decreasing fast. After the 30th geomagnetic
activity increases again.

It ix a remarkable feature of some of these well defined subintervals of
characteristic cosmic ray behaviour, that it is difficult to establish a plausible
wusal relationship with large solar and terrestrial phienontena so far reported.

2. — The primary variation spectrum.

The first task will be to determine ]
the approximate form of the primary 1 My
variation spectrum, and to establish N L .
whether it changed from interval to
interval. 'We applied the method
given in (1), in order to estimate the
parameters of the variation spectrum,

87 Mina Aguilar

expressed in the approximate form

81)7 [8/{(1‘)~1’J—‘/ for K< g,
I for H>e,.

Bihourly AT vectors ((1), Section 2)
for the pair of neutron monitors Ells-

1-10%

Fig. 2. - Percentage intensity variation

diagram for Fllsworth and Mina Aguilar

neutron monitors, for the lst and 3rd

subinterval. The inerease occuring during /

the 2ud sub-interval is excluded. The
best it line is shown.

/
o =165 81 Enswortn
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(140} J. R. MANZANO, J. G. ROEDERER and 0. R, SANTOCHT 3

worth-Mina Aguilar and Ushuaia-Mina Aguilar are shown in Fig. 2 and Fig. 3
respectively. Erom the prestorm increase until the 17th, 24 UT, the best fit
is obtained for
-5k

' Hprrama

= 1.63 &+ 0.10,
d1 Ming Aguslar ST
’ Lpprary, = 1.22 420,12,

In Fig. 2, we omitted the interval 05
UT to 15 UT of the 14th, during whieh
the steep increase at Ellsworth oceur-
red. Notice that both decreases, that of
the 11th and that of the 14th, do not
show any appreciable difference in a.
’</ This suggests that the primary variation
-10% spectrum did not change during the

additional decrease in the second subin-

o

+
!

&)

)

12-17 4

a=122
81 Yshuaia terval. Tir other words, both modulation

Fig. 3. - Item Fig. 2, for Ushuaia vs. mechanisms were of the same type,
Mina Aguilar. Data of the 11th of May having linearly superposed effects on
are not available for Ushuaia. cosmie ray intensity (3).

In order to have a further interme-
diate point in the southern hemisphere, we used data from Mt. Wellington (%),
which hax a geomagnetic cut-olf of 2 GeV total energy, according to (°).
We obtain

x = 1.52 4 0.09

MTWELL-M.A
Uxing the theoretical curves given in ('), completed with those for Ushuaia
and Mt. Wellington, we get a best fit for a spectrum of the form

y == 048 4- 0.05 £y ™ 0O .

In Fig. 4, theoretical curves for « ave represented as a function of y, assuming
e Ty Vs -
&, = 00. The experimental « values with their errors are marked on the curves.

(®) J. GG. RoEpERER, O. R. Saxtoci, J. (. ANDERON, J. M. Carposo and J. R.
Maxzaxo: Nuovo Cimento, 18, 131 (1960).

(*) We thank the Cosmic Ray Group of the University of Tasmania for sending
their data.

() J. J. Quexsy and W. R. WeBsrr: Phil. Mag., 4, 90 (1959).
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6 COSMIC RAY INTENSITY

VARIATIONS ETC.

[141)

In order to eliminate the intense daily variation, we smoothed the per-
centage variations taking 24 hour moving averages after the 15th, 00 UT.
We excluded from this procedure the whole 6-th subinterval, in which the

« (For €4=00) .
LE llsworth-Mina Ag.
3 -
M Wellinglon- MA.
0.48
2 Ushuaia - MA.
1 ——+—+ et —~+ ¥
0 0.5 1

Fig. 4. - Theoretical curves for the cofficient «, corresponding to a variation spectrum
of type 3k (1) E-Y extending to highest energies (¢, = co). Experimental values are indicated.

small Forbush decrease took place. Fig. 5 shows the 37 correlation diagram
for Ellxworth-Mina Aguilar using average intensity. A clear departure from
the initial o == 1.65 line is seen after the 18th of May, d.e., after the 3-rd sub-
interval.  According to the diseussion given in Seection 2 of (1), we conclude
that a change in the primary variation spectrum occurred around the 18th,

and lasted for the rest of the period. Fig. 6
shows the corresponding diagram for the pair
of stations Ushuaia-Mina Aguilar. No appreei-
able change is seen after the 18th.
to assure that this change was not a local
effect, extending to high energies at Ellsworth,
we correlated the intensity variation of both
detectors, N, and (.T., at Ellsworth. The

In order

Iig. 5. Percentage variation diagram for smoothed

intensity, for the pair of neutron monitors Ellsworth -

Mina Aguilar, corresponding to the days after the

second sub-interval. Data from Mina Aguilar for

the 18th of May are not available. The change in

the slope oceuring after the 3-rd subinterval ix indi-
ated (see text).

-5%

87 .. .
[Mma Aguilar

-10%

81 Ellsworth
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i. ROEDERER atid 0. R. SANTOCHI

-1

curve of Fig. 7 is obtained. The departure
starting on the 18th clearly indicates a change
in the low energy part of the local primary

No special solar or terrestrial event was
reported for the 18th. The most one may
assune, is a connection with the strong solar
activity on the 17th, which in some way
aused a long lasting depression in the flux
of low energy particles. We point out that
during the rvecovery after the third July
stornm, a similar, but slower, change in the
primary variation spectrum occured after
the 19th-20th of July. In summary, in both
storms, May and July, low energy particle

~5%
o7 /|
Mina Aguilar 37 [
A7 variation spectrum.
7 {May 18 |
%7 1-5%
Vi 1
/7 Mayi2
y 1
7/ L
a=.22
’ 3 -10%
&7
Ushuaia
Fig. 6. - Ttem Fig. b, for the

pair  Ushuaia - Mina Aguilar. No
appreciable change after the 18th
is revealed.

Finally, coming back to Fig. 2,

intensity recovered slower than the high
energy flux. Notice that the magnetic storm
of the 15th of May had no effect on cosmie
ay intengity.

we realize that all AT vectors corresponding

to the sudden decrease on the 11th, lie well above the o = 1.65 line. This

effect, which is also found for the first July storm
(vee Fig. 6 of (1), is due to a shift in time of
cosmic ray storm commencement between Ellsworth
and Mina Aguilar. An analysis of this longitude
effect (7) shows that Ellsworth is (54 £ 6) minutes
late with respect to Mina Aguilar in the May
storm commencement. Mt. Wellington turnes out
to be 3045™ 4 107 Jate.

Fig. 7. - Item Fig. 5, for the neutron monitor vs.

cubical telescope at Ellsworth. CT data for the 18th

are not available. Again, a departure from the original

line is clearly shown for the days following the 3-rd
subinterval.

(" J. G. Rorprrer, J. R. Manzaxo and O. R.
in press.

5%k R
61(;7’ //
Q::,
17
+4-10%
May 15
/
/ T

fantocir: preprint CWN.E.AL,
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8 COSMIC RAY INTENSITY

3. — The increase on May 14.

VARIATIONR LTC.

[143]

Iig. 8 shows half-hourly data recorded at our different stations on the
14th of May. Percentage values are referred to the mean intensity at that
day. The increase at Ellsworth is many times greater than at the other

stationsy  (including Mt. Wellington and
others). Tt is of about 99 for N.M. and
29 for C.T. Tt starts at (0600 0015) UT,
both for N.M. and C.T. Intensity decays
egradually until 1800 UT, when it reaches
again a minimum  (absolute minimum
of the May storm). .T. data are not
available after 1600 UT. YViolent flue-
tuations occur during the intensity decay
in the nucleonic component; careful checks
of equipment operation definitely rule out
the possibility of attributing these flue-
tuations to equipment unstability.
Increases at Mina Aguilar and Ushuaia
are of much smaller amplitude; the inten-
sity rise is more gradual, except at Mina
Aguilar, where a rather sudend jumpis seen
at 0330 TU'P. This is confirmed by 15
minute data. In prineiple, it would be
hard to rule out entirely a contribution
of daily wvariation, which is quite high
during neighbouring days, the maximum
occurring just around 1000 UT. However,
a brief ingpection of data from stations
differing substantially in longitude from
ours, still shows the existence of anincrease
oceurring at nearly the same UT interval.
The magnitude of these increases,
referred to a level represented by the
extrapolation of the intensity curve of
the 3-rd interval into the second sub-

interval (Fig. 1),

5% 1
Ellsworlh
nucleon 0+
1%
Ellsworih
meson 0

0000

Mina Aguilar

nucleon
%
Ushuata
nucleon 0

(one section
hourly vaiues)

Io

2400UT

Tig. 8. — 30 min data for the 14th
of May, showing the sudden increase
with subsequent decay at Ellsworth,

and the minor

at  Mina

Aguilar and Ushuaia.

is given by the following rough figures: Mina Aguilar 1.494;

Ushuaia 2.59%; Mt. Wellington 3.29%: Ellsworth 5.6%, (mean over 5 hours).
These values correspond to neutron monitors only. HExcluding Ellwsorth, and
taking Mina Aguilar as reference, we obtain from Fig. 4 a variation spectrum
of v~ 0.9. This value is similar to the exponent of the primary variation spec-
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[1-44] J. R. MANZANO, J. G. ROEDERER and 0. R. sAXTQCHI 9

irum of the daily variation (8). The strong increase at Ellsworth might be
interpreted ax an additional enhancement of the primary low energy flux.

The most striking feature of these inereases, particularly that detected at
Ellsworth, is that there was no simultancous solar event to which it might
have been associated. No flare was reported (*), and geomagnetic activity
was rentarkably low at this day, compared to preceding and following days (**).
If we nevertheless suppose that this additional flux at Ellsworth was of solar
origin, and compute impact zones for a solar event which took place at about
0600 UT (%), we get the picture of Rig. 9. Some cosmic ray stations located
in or near impact zones are gshown.

00 04 08 12 16 20ur

304 i —+ t ; —+ 90N
. Deep River
_Chicago, | rottawa. el __l
80 ‘L/nco//:\' Londag | d(ppsaia 60
Climax’ Gé/mngen 5
LS e T B ackground_
0T ' 4 ground-—L o
0 + ‘04" ‘08" 1o
MA S l
OVt 4
UsH Background 30
604 . __ 1 § ﬁlf;u_/el/l‘ﬁgf. +60
E/?s. BMawson
305 } } } + + 1 905
00 04 08 12 16 20urT
Fig. 9. — Impact zones for a solar event occuring at 0600 U'T on Mayv 14.

With respect to Ellsworth, we note that this station lies near the southern
cdge of the impact zone (drawn for a rigidity of 1 GV). These impact zones,
however, are caleulated using the centered dipole model, for which the geo-
magnetie cut-off at Ellsworth would be of abont 0.4 GV only, Taking into
account higher order corrections, as given in (%), the real situation must be
different from that sketehed in Fig, 9. The impact zones will be distorted by
this multipole correction. In the particular case of the « 04 » impact zone in
the southern hemisphere, it will be displaced several degrees southwards. There
is therefore a great chance for Ellsworth of having been gituated in the true
impact zone during the inerease on May 14. We look forward to analyse 15 minute
data from other stations lying in or near the impact zones shown in Fig. 9.

(%) L. I. Doryax: Cosmic Ray Variations, Translation, Technical Documents
Liaison Office, Wright-Patterson Air Force Base, Ohio.

(") Note added in proof. - In the meantime, a couple of flares of importance 1 and
one of importance 2 were reported to us.

{**) Thix, however, may he of some significance.

() Jo WL Frror: Phys, Rer., 94, 1017 (1954).
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10 CORMIC RAY INTENSITY VARIATIONS ETC. [145]

4. — The magnetic storm of May 24.

Cosmic ray intensity behaviour during the 6-th subinterval (Fig. 1) is of
greatest interest. In our stations Mina Aguilar, Buenos Aires and Ellsworth
(Ushuaia cannot be taken into account in view of the high statistical fluctua-
tions), a first, very small decrease occurs almost
simultaneously with the magneti¢c storm com- 5% . ,

mencement. Then, intensity rises again for some 5/,\1,»,70 Aguilar /]

hours, falling back to a minimum towards midnight. /
This second decrease is much more pronounced /
. - . May 23-25 1
than the first one, and coincides more or less with
the decrease in the horizontal component. Consid-
ering the reduced amount of data from foreign 1-5%

stations available to ux at present time, it is not / 1

. . . /
clear to us whether this splitting up into two // 1
decreases is of world-wide character or not. / Iy,

/
If we consider the second, bigger decrease as «=2.2 Eisw.

the «true » Forbush decrease, it shows an extremely — Fig. 10. - Percentage in-

strong longitude dependence: Ellsworth ix about  {ensity variation diagram

. . . . for the small Forbush de-

two hours in advance with respect to Mina Aguilar: occuring on May 24,

Rome (2) leads 8 hours and Mt. Wellington as i1 Leutron monitors at

much as 12 hours. Ellsworth and Mina Agnilar.
This shift in time has to be taken into account

in our Al vector diagrams. The result is shown in Fig. 10, for the pair of

stations Ellsworth and Mina Aguilar; the latter having been delayed two hours
with respect to the former. The slope is given by

_ 992 o
Xprisaa = 23 £ 0.2 9

which is more or less coincident with the (2.6 - 0.2) slope corresponding to
the general variation at that time (see Fig. 5). o values for other stations are
— 1 o

=13 -+0.2,

= 1.0+ 0.2.

:x(‘SH-M.\

1)['1‘ WELL-MA

These results, together with those of Sect. 2, tell us that the primary va-
riation spectrum acting after the 18th, did not change its form appreciably
during the storm of May 24; it merely modulated its amplitude. We insist
on the fact that it is not the original variation spectrum, responsible for the
tirst stage of the big storm, which is left untouched by the May 24 storm.
Rather, it is the modified spectrum, acting after the 18th, to which a similar
variation spectrum is superposed on the 24th. In other words, the relative
depression of low energy flux, present after the 18th (Seet. 2) is not removed
nor changed during the storm in the 6-th subinterval. The cosmic ray modu-
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lation mechanism for this storm must be the same, although independently
acting, as that responsible for the general recovery during its final stage. This
result, if confirmed to be of world-wide character, may be used as a check of
ditferent theories for modulation mechanisms which cause cosmic ray Forbush
deereases.

Finally, ax an alternative, we may advance the hypothesis that what
we see during the 6-th interval, ix a Forbush decrease starting more or
less in coineidence with the sudden conmencement of the magnetic storm
(0540 UT), and to which an extra flux of primary particles is superposed.
Thix extra lux causes an intensity inerease, which lasts (8 +-10) hours and which
is strongly longitude-dependent. Once this flux vanishes, intensity falls back
to the corresponding Forbush decrease level,

We thank H. GuerMeErrt (1.1, 1.N8., Chicago) for valuable informations
and Mrso A, Maxzaxo and Miss L. LANeprANco for collaboration in the cal-
culations,

RIASNUNTO (B

Sianalizza Uintensita dei raggi cosmici durante la tempesta magnetica del Mag-
gio 1959, usando 1 dati dei rivelatori di neutroni e dei telescopi cubiei di Mina Aguilar,
Buenos Aires, Ushuaia et Ellsworth (Antaretica). Lo spettro di variazione dei primari
¢ stimato secondo un metodo delineato in uno seritto recente (!). Si analizza detta-
gliatamente il comportamento dell'intensitd durante la ripresa. $i ottengono i seguenti
risultati. Lo spettro di variazione di primari, che agisce sino al 18 Maggio, ha wna
forma approssimata data da 0D/D.—dk(t)- J-*% valida sino ad altissime energie. Verso
il 18 questo spettro cambia forma a basse energie (< 3.5 GeV), in modo simile a
quanto accadde durante la ripresa dopo la tempesta del luglio 1959. Questo cambia-
mento pud essere interpretato come una rimozione addizionale delle particelle di bassa
energia, che si protrasse almeno sino alla fine del mese. 11 14 Maggio la variazione
di intensitd ¢ spiceatamente peculiare, malgrado che questa fosse una giornata tran-
quilla dal punto di vista solare e geomagnetico. Bi ha un decremento su scala mon-
diale, con un incremento sovrapposto, durato 10 ore, che & particolarmente alto ad
Ellsworth (99, nel rivelatore di neutroni, 29, nel telescopio ecubico). Si mostra che
Lllsworth era collocato nella zona d'urto 04 per un evento solare simultaneo. I 24
si ebbe un piceolo decremento Forbush su scala mondiale, associato ad una tempesta
magnetica ed un decremento nella componente orizzontale del campo magnetico. Quesio
decremento di Forbush. che ¢ spiccatamente dipendente dalla latitudine, corrisponde
ad uno spetiro di variazione dei’ primari che ha la stessa forma di quello cui & dovuta
la ripresa generale in azione al momento, cioé, dopo il cambiamento nelle basse
energie del 18.

(*) Traduzione a cura della Redazione.
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